1-Introduction
X-ray lasers based on the laser-produced plasmas by electron de-excitation was first proposed by the Soviet scientists Gudzenko and Shelepin in 1965[2] , they predicted that the short wavelength laser in the X-ray region of the electromagnetic spectrum needs a large energy gap which is sustained in the highly ionized ions. After ionization, in the equilibrium plasma, ions having specific number of electrons such as 2 (helium-like), 10 (neon-like), 28 (nickel-like) and 46 (palladium-like) are relatively stable and survive in a wide range of temperatures and densities [3, 4] . X-ray lasers pumping methods are electron collisional excitation, photo-excitation, charge transfer, electron collisional recombination and di-electronic recombination pumping using a picosecond chirped pulse amplification (CPA) pulses [5] . However, the electron collisional excitation pumping of the inner shell and outer shell of highly ionization states have shown a more stable and a higher output [6, 7] . Thus, the electron collisional pumping was proven to be the most efficient method in producing the X-ray lasers.
Experimentally, the first X-ray laser in a laser produced plasma with the electron collisional pumping was demonstrated in 1985 [8, 9] . In addition, there were trials proposing the original mechanism for demonstrating X-ray lasing by resonant photopumping to produce highefficiency X-ray laser with significant gain by Vinogradov et al. [10] and Norton et al. [11] . Several authors during the past four decades have studied this lasing mechanism both experimentally and theoretically, in the hope of developing high-efficiency X-ray laser [12] . Nickel-like ions are of considerable interest in laser-plasma interaction because of the large gain in the EUV and X-ray regions.
Rare earths are promising for the production of X-ray lasers, which needs a theoretical calculation to approve these observations [13, 14] . Thus, a fully relativistic atomic data calculations are needed for solving steady state coupled rate equations in the collisional radiative model (CRM) using electron impact excitation (EIE) pumping mechanism.
In this paper, we calculated energy levels for 249 fine-structure states using a fully relativistic approach based on Dirac equation [1] . Collision strengths by electron impact using the factorization-interpolation method is calculated in the distorted wave approximation. Effective collision strengths are calculated by interpolating the data from the collision strengths and integrating over Maxwellian distribution at different temperatures. Rate coefficients were calculated from effective collision strengths using a formula that will be described later in this paper. Then, we predicted the gain coefficient for Ni-like Er by a steady state equation in the collisional radiative model after achieving a population inversion between the allowed transition states.
2-Energy levels
In this paper, we calculated the atomic structure and energy levels for Er XLI. (1)
Where ω is the transition energy and S ୳୪ is the line strength which is given as:
where O L denotes the Spherical multipole operator of rank L representing the interactions of electrons with the electromagnetic field, ψ l and ψ u are the final and initial states of the transition respectively. Thus the weighted radiative decay rates (gA ୳୪ ) can be written in terms of the Oscillator strengths as:
The radiative decay rates are calculated in the single multipole approximation with arbitrary ranks. These data have been also calculated using the atomic structure program FAC [1].
4-Effective collision strength and rate coefficients
This part deals with the calculation of electron impact excitation (EIE) in the distorted wave (DW) approximation using the factorization interpolation method [16] . Accurate collision strengths are important for the calculation of level populations and line emisitivities that are used in the calculation of the gain coefficient of laser-induced plasmas. We use the FAC to calculate the collision strengths (Ω) between lower and upper states in terms of the electron energy. We perform the calculation for a grid of 15 scattered electron energies ranging from 10 eV to 20000 eV. Using the results of the FAC, collision strengths are averaged over a Maxwellian velocity distribution to obtain the effective collision strength as a function of electron temperature [17] :
whereγ ୪୳ is the effective collision strength, E ୳ is the electron energy after the collision and T ୣ is the temperature in Kelvin. The excitation rate coefficients (cm ଷ . sec ିଵ ) for a transition from l to u is related to the effective collision strengths by [18, 19 ] :
The de-excitation rate coefficients can be obtained from the formula [18, 19 ] :
whereg ୪ and g ୳ are the statistical weights of the levels l and u respectively, E ୪୳ is the energy difference between lower and upper levels. 
5-Levels population and gain coefficients
The steady state Collisional-Radiative rate equation for calculating the level populations can be written as [20] :
where ܰ ௨ and ܰ are the fractional populations of level ‫ݑ‬ ܽ݊݀ ݈ respectively, ܰ is the electron density, ‫ܣ‬ ௨ is the Einstein coefficient for radiative decay from u to l; and ‫ܥ‬ ௨ ܽ݊݀ ‫ܥ‬ ௨ ௗ represent the rate coefficients for collisional excitation and de-excitation respectively. The actual population density ܰ of the ‫ݑ‬ ௧ level can be calculated from the equation of identity [21] .
whereܰ ூ is the quantity of ions which reached the ionization stage
whereܰ is the electron density, ܼ ௩ is the average degree of ionization and ݂ ூ is the fractional abundance of the ionization states which can be calculated from the relation [14] : Thus, the calculation of the gain coefficient α of the various transitions can be obtained from the equation [13, 14 ] :
where‫ܯ‬ is the ion mass, ߣ ௨ is transition wavelength in cm, ܶ is the ion temperature in Kelvin and ‫,ݑ‬ ݈ are the upper and lower transition levels respectively. 
6-Results and Discussions
By solving the coupled rate equations eqn. (7) together and assuming that the fractional abundance of the ionization state under consediration is about 0.35 with calculating the gain coefficients using MATLAB 2013Bb of the transitions we found that the most powerful transition is between the levels 93 and 73 which is listed in table 2. We plot the gain coefficient versus the electron density as shown in figures 1-a and 1-b at two deferent electron temeratures1.6 KeVand 2.4KeV. The gain values that greater than 1cm -1 are listed in table 2.
Figures 1-a and 1-b can be generally explained by saying that at low electron density while trying to produce a population inversion the spontaneous decay from upper levels is still dominant and by increasing the electron density and making excitation to the upper levels the collisional excitation is more dominant and greater than the spontaneous decay so the population inversion condition is satisfied and we get a gain till it reaches the maximum values of gain and then by continuing the elctron collisional pumping the electron dexcitation mechanism increases and then the net gain decreases again as shon in figures 1-a and 1-b. 
7-Conclusion
Laser transitions in Ni-like Er in the spectral bands of the soft X-ray and the extreme UV are listed in 
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